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Abstract 
Building Information Management (BIM) models are transforming how buildings are designed an d constructed, and 
can facilitate multi-disciplinary coordination, and integrate 3D design, analysis, cost estimating, and construction 
scheduling. By extending the model into the post-occupancy period, BIM models can be used to support Facilities 
Management and Building Operations, and offer a consolidated interface for information regarding all aspects of 
building operational performance. Four key challenges must be overcome to develop BIM models suitable for 
Sustainable Operations management: (1) identification of critical information required to inform Operational 
decisions, (3) the high level of effort to create new or modify existing BIM models for the building(s), (2) the 
management of information transfer between real-time operations and monitoring systems and the BIM model, and 
(4) the handling of uncertainty based on incomplete building documentation. This paper describes the process used 
to addresses and overcome each of these challenges. The BIM framework and its refinement are presented along 
with evaluative data from a case study where a model was developed using this framework for a complex university 
building. The results of this study demonstrate how these BIM models can be developed for the most challenging 
existing building scenarios and effectively used to improve building management and performance. 
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1. Introduction 
Building In formation Management (BIM) models are transforming how buildings are designed and constructed. 
BIM is not simply a 3D CAD tool, but is rather akin  to a database that allows a wide range of information about the 
attributes of and relationships between various building elements . The use of BIM in asset management is well-
established, however this paper seeks to go beyond the use of construction BIM models in operations and examine 
the development of new BIM models for existing buildings , presenting a case study and synthesizing a framework.  
The term “7D” will be used to refer to these models, building upon previous definitions [1-3].  
 
Nomenclature 
7D referring to a BIM model for facilities management / operations  
AEC Architecture/Engineering/Construction industry 
BCF BIM collaboration format  
BIM building information management 
CAD computer aided design 
CF&S Campus Facilities & Sustainability 
FM facilities management 
FTE full-time equivalent staff 
H&S Health and Safety 
IFC Industry Foundation Classes  
O&M operations and maintenance 
RRDS rich room data schedule 
RFID radio frequency identity tag 
VDC Virtual Design and Construction 
2. Literature Review 
The use of BIM in  facilities management and post-occupancy phases of the project is rap idly becoming an area of 
research focus [4-9]. Particular technologies, such as the use of cloud computing [10], passive RFID tags [9, 11] and 
3D scanning [12] have facilitated adoption and added value to BIM in  a Facility Management/Operations context. In  
addition, there has been a substantial effort to interface between BIM models and third-party software [13, 14]. 
3. Challenges and Proposed Solutions 
Four key challenges must be overcome to develop 7D BIM models: (1) identifying the critical informat ion 
required for sustainable operations, (2) managing information transfer between the BIM model and other FM tools , 
(3) managing the level of effort to create the model, and (4) handling uncertainty where build ing documentation is 
incomplete. Challenges 3 and 4 increase significantly with the decreasing amount of verified digital data. 
3.1. Challenge 1: Identification of critical information 
The proper identification of the information necessary and beneficial to improve the operational performance of a 
building is key to the creation of any BIM in Operations model. There is no limit to the types of information that can 
be incorporated into a model; however much of the informat ion typically included in models is unnecessary for day -
to-day operations. Similarly, given the level of effo rt required to populate a BIM model with operational data, the 
strategic identification of operational information is critical. This data will vary enormously from project to project 
based on specific user systems, organizational structure and scope of the model but will be related to one of three 
rough areas: space planning, maintenance activities, and front-of-house (occupant comfort, sustainability, etc.). 
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Fig. 1. a) Incremental data addition; b) iterative process 
By adding data to  the model incrementally  (Fig  1a) and iterat ively (Fig 1b), the model is developed from limited 
functionality based on the end-user's identification of the next-most-important element to include, breaking the task 
into a series of smaller steps, each with usable results . This allows the quick adaptation of an existing BIM model 
and proof of concept to stakeholders. Conversely, where no BIM model yet exists, it allows the quick creation of a 
simplified  geometric model to quickly be created with min imal effort and maximum certainty, and operational 
information incorporated into this simplified model, thus minimizing the challenges associated with model creation.  
3.2. Challenge 2: Managing Information Transfer  
A discussion of data transfer using IFC, BCF and other protocols is beyond the scope of this paper. What is 
critical for the framework is an appreciation of the two modes of data transfer:  “push” , where the BIM model 
provides updated data to the FM system, and “pull” , where data is pulled from the FM system to update the model. 
Examples of the former include geometric and material/equipment data, while latter examples include historical 
energy use, maintenance records, hazardous material inventories and occupant survey results.  
3.3. Challenge 3: Controlling the Effort Required to Create a 7D BIM Model 
This challenge is most severe where no d igital data exists, however there are also challenges related to modify ing 
complete construction models. Two issues arise: first, the required O&M data is generally not present, and second, 
the file size can grow too large and become unwieldy. To  address the first, an organizat ional standard  BIM 
Execution Plan used in procurement of building construction and renovations shifts this effort onto the designer a nd 
contractor. To address the second, a staged modeling approach is recommended, whereby a record  copy of the 
construction model to maintain the full data, and is then simplified with families with only that data required for 
operations.  
Where digital information is limited, the challenge is much more severe. Dig ital (CAD) floor p lans can be 
imported and traced/assembled with the appropriate BIM parametric families to develop a base geometry, while 
other discipline CAD drawings can be included to allow their visualizat ion in the model (e.g. mechanical and 
electrical elements). Key equipment can be traced using the appropriate parametric family and assigned data to be 
extracted or linked to the FM software. Where even floor plans are not availab le, 3D scanning can be used to 
quickly develop a BIM model detailed enough to serve as the base geometry model. In this situation, it is 
worthwhile to consider the marg inal utility o f each  geometric component  (Figure 2), as each element modeled  
geometrically will requires extensive site surveys to validate the available data, and supplement it with site 
observations, photographs, and measurements. Instead, this paper submits that for day-to-day operational 
ETC. 
DATA TYPE & 
INTERFACE 3 
DATA TYPE & 
INTERFACE 2 
DATA TYPE & 
INTERFACE 1 
FLOOR PLANS 
a b 
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requirements, there is min imal benefit  to recording the precise location of elements within each room, if the element 
can be tagged, mapped to the room and otherwise described. Further, by RFID tagging the element, it can be quickly  
located should the need arise. The use of a data-rich room data schedule (Rich Room Data Schedule, RRDS) thus 
provides substantial operations benefit with minimal investment.  
The exception to the above is that this marginal utility increases substantially for this geographic data for 
planning and renovation purposes, but again the updating  of the BIM model with as-built geometry can  be included 
in procurement and thus outsourced to others. 
 Fig. 2. Marginal Utility Curves for BIM Model Content  
3.4. Challenge 4: Handling of Uncertainty  
Uncertainty in existing build ing data cannot be avoided unless a complete field inspection is undertaken, and 
there is still a  risk of human error. Three approaches may be used to manage the uncertainty in data in  a BIM model: 
(1) verification, (2) acceptance or (3) avoidance. In the first, key data that is not known or certain is field-verified  
and field-measured; this is the most costly but has the lowest risk. In the second, a certainty percentage is tagged for 
each element. These are determined indiv idually – for example if a subset of equipment was field-located and 50% 
were found exact ly as indicated on the available drawings, they would be 50% certain – and only elements with a 
minimum certainty are modeled. Third, data below this certainty level (which may be 99%+ for some organizations) 
is omitted from the model. This final option is the least expensive but may severely limit the model functionality. 
4. Case Study: Kerr Hall East, Ryerson University 
The proposed approaches described above are being implemented in an ongoing BIM in Sustainable Operat ion 
pilot project for Kerr Hall East (KHE) at Ryerson University. Th is section summarizes the application of these 
principles to an extremely challenging building and examines the results of this implementation. Lessons learned 
from this study were then used to synthesize the framework described in section 5.  
Kerr Hall (Fig. 3a) was constructed in the 1960s and has a total area of 485,284sf. Kerr Hall East comprises the 
eastern quadrant of the facility (120,370 sf) and is occupied primary by the Faculty o f Science and Faculty of 
Engineering and Architectural Science. The primary build ing uses are laboratories (38%), classrooms (20%), and 
offices (10%). Numerous renovations and plant modifications have also occurred over the life of the building.  
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Fig. 3. Kerr Hall a) Archival photograph [15], b) BIM model (bottom), architectural CAD (middle) and mechanical CAD (top)  
4.1. Data Collection and Analysis  
Neither a full set of original design nor as-built drawings are available, and while several renovations and 
expansions had been undertaken, as -built drawings were limited to 19 of the only availab le for 10% of the rooms 
and were 2D drawings only. The most accurate whole-building data available was a set of CAD floor plans created 
from the space auditing for reporting purposes, which included only the base geometry of the building.  Figure 3b  
shows a 3D view of the in-progress 7D BIM model with the architectural drawing used for the floor plans (middle) 
and best available mechanical information (top). In addit ion to the CAD files, space description and ownership data 
from ArchiBus and a set of asbestos survey records were provided to support the desired use cases . To complement 
this informat ion, a mult i-day site survey was undertaken to both confirm data on the plans , gather key space and 
signage information, and collect data to permit the geometric modeling of key mechanical and electrical elements as 
item quantities in the rooms, and in the future will be tagged with full equipment and system data.  
4.2. Methodology 
Following the methodology of section 3.1, the base geometry was developed using the space audit CAD plans. 
Next, the RRDS was expanded with the data fields (columns) for the use cases , and populated from the FM 
systems/data available (Figure 4).    
Fig. 4. Incremental Data included in Kerr Hall East P hase 1 Model (in-progress) 
PHASE 2 
SITE SURVEY DATA 
ASBESTOS SURVEY 
DATA 
SPACE 
REPORTING DATA 
(ARCHIBUS LINK) 
FLOOR PLANS 
AND RICH 
ROOM DATA 
SCHEDULE SET-
UP 
a b 
Use Case 3: Energy conservation estimates; 
project planning; location of equipment 
faci litated for maintenance (in-progress) 
Use Case 2:  Hazard mapping and inventory 
tracking; asbestos mapping and flag in work 
orders  (pull from hazard inventory) 
Use Case 1: Space reporting to Ministry of 
Education, using Council of Ontario University 
s tandards (BIM populated by data pulled from 
ArchiBus; future application will push updated 
areas to ArchiBus system) 
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A close-up of a room view with the rich room data displayed is shown in Figure 5.  
Fig. 5. Data-rich room display 
4.2.1. Addressing Data Uncertainty  
Spot checks to locate equipment on the CAD drawings provided were conducted during the walk-around surveys. 
At each of these spot check locations, whether or not the site conditions matched  the drawings was noted. After the 
site visit was complete, the percent of equipment located as shown on the drawing was recorded as the certa inty 
rating. As agreed with CF&S, only items with certainty rat ings above 50% are included in the model, and a certainty 
flag is indicated on each equipment schedule. 
4.3. Model Application and Results  
Three preliminary use cases are demonstrated in this section: (1) space reporting, (2) energy management (an 
LED lighting retrofit feasibility study), and (3) asbestos hazard mapping. These were selected as preliminary cases 
for several reasons. First, they demonstrate three wholly different types of use cases within the field of facilit ies 
management. Second, the first is fundamentally a "push" interface, where the BIM model will be updated with new 
construction data, which will be fed into the FM space planning system, the second is a fully self-contained within  
the BIM model, and the third is a "pull" system, where the BIM model will sync with the hazardous materials 
database and reports to provide a single view on these multiple systems for the entire operations team.  
4.3.1. Use Case 1: Space Allocation and Tracking 
The space reporting use case is designed to reduce the effort currently required to update the space reporting files 
manually to pick up build ing modificat ions and changes of use. Annually, the effort expended on this  task is 
approximately 3 months of 1 FTE. To address this, ArchiBus data was output to a spreadsheet to be linked to the 
BIM model, thus populating the RRDAS with this data. Moving forward, the plug -in for syncing these two systems 
will be used to automatically update the ArchiBus area and room type data after any revisions to the layout. Because 
of this "push" interface, it is critical that the BIM Execution Plan (BIM) provided as part of future construction 
procurement detail how revised spaces (e.g. combining or splitting rooms) are to be updated in the RRDS.  
4.3.2. Use Case 2:Asbestos Hazard Mapping 
Asbestos hazards were mapped onto the RRDS in the seven columns (data fields) created for th is purpose to align 
with the annual abatement reports. These reports indicated four asbestos-containing materials (see Figure 5) and 
provided condition notes in key areas. These have been summarized in the BIM model and a spreadsheet has been 
created to allow this data to be provided in the future in spreadsheet form, which could be pulled into the BIM 
model to update the informat ion. This information will be pushed into the software used for condition assessments 
and ArchiBus (to  flag the presence of asbestos -containing materials in work orders) in a future phase of the project. 
In future iterat ions, further links between the hazardous material database and the BIM model will be established to 
allow the updating of chemicals stored in each room to allow these to be tracked. 
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Fig. 6. Lighting Retrofit  Savings Schedule (truncated) 
4.3.3. Use Case 3: LED Lighting Feasibility Calculations 
This third use case demonstrates how calculat ions and bills of quantities within BIM can provide energy 
management savings estimates and inform feasibility of potential energy retrofits. Within  the Kerr Hall p ilot, this 
was init ially demonstrated by considering the upgrade of existing T8 tubes to T8 LEDs. To allow the CF&S team to 
quickly  evaluate lighting retrofit savings potential and  track implementation, the fo llowing  fields were required: th e 
total quantity of each type of lighting fixture (1-tube, 2-tubes, 4-tubes, and how many tubes had been replaced with 
T8-LEDs), calculat ions of demand savings and annual estimated kWh savings, and a  bill of quantities to obtain 
quotations. The use of a separate schedule allowed this to be filtered and summed by floor, room or even by room 
type.  
Using the room schedule calculations built into Revit, the energy demand savings from a T8-to-T8 LED retrofit, 
and the estimated annual energy savings (kWh) were calculated based on the assumed occupancy schedule. Grand 
totals were then added to the RRDS to calculate the bill of quantities and total savings for the area under 
consideration. When this was calculated for the first floor of KHE, the replacement of the 1383 tubes would result in  
a 3.723kWh peak demand reduction and annual energy savings of 4878.36kWh from a full upgrade to T8-LEDs. 
These calculations were performed automat ically by the BIM model based on the room tag data, demonstrating the 
value achievable with data-tagging. 
4.4. Project Lessons Learned 
Lessons learned from this exercise, summarized below, and have been used to refine the BIM framework:  
x Site Data Collection: Setting up the RRDS and using it for site data collection allows the population of the 
element quantities (e.g. number of luminaires of each type) to be quickly transcribed into the model. Combined 
with sketches for each room, augmented by photos (mapped to the floor plans with view arrows and reference 
numbers), are invaluable for the geometric modeling and materials assignment but are less efficient inventory. 
x CAD drawing imports: Maintaining a common origin for CAD seed files was critical. Syncing the BIM and CAD 
points of origin was determined to be the most precise and efficient technique to achieve this.  
x CAD reference files may be displayed in the BIM model and, placed on the appropriate layer, allows system 
visibility to be toggled on and off as required.  
x The development and maintenance of a complete BIM Execution Plan, and its inclusion in the procurement of all 
BIM models related to projects is critical to maximizing the benefit of this tool, as it maintains common standards 
and facilitates the use and ongoing development of the model by multiple parties. 
5. Recommendations - Framework for 7D BIM Implementation 
Based on the lessons learned from the case study presented, the approach described in this paper has been refined 
to the process indicated in Figure 7.  This process consists of an init ial data analysis and collection step to develop to 
base model, followed by five steps that are repeated for each use case development and implementation. This 
framework allows the flexibility to adapt the model to meet the changing needs of the building operations teams.  
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Fig. 7. 7D BIM Development Framework 
6. Conclusions 
The processes used in the model iterations completed to date have successfully addressed the challenges outlined 
in this paper. Areas of future research will include use cases for O&M once the changeover to the new campus 
O&M system is complete. Th is will allow the tying in of preventative, reactive and deferred  maintenance and 
building condition assessments with space reporting, hazard inventory and eventually scheduling and other ca mpus 
systems. As each of these systems comes online and begins to store data, the BIM model will be interfaced with 
these systems to expand the BIM model into a single source of information from the full range of campus CF&S 
systems. In addition, the RRDS format simplifies the input format for data related to energy management and 
sustainability, allowing for potential energy upgrades to be evaluated prior to the completion of the full as -built  
model. This will fast-track the ability to use these BIM models  for sustainability in a novel and efficient manner. 
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1 - Data Analysis 
and Collection 
• Construction 
Documents: BIM, CAD 
• Site surveys, condition 
reports, etc. 
• Historical records, etc. 
• Model base geometry  
(if not provided) 
2 - Needs Analysis 
• Identify end uses and 
iterface with FM 
Systems (push/pull) 
• Identify missing data 
• Set-up/expand RRDS to 
facilitate data gathering  
3 - Rich Room 
Data Schedule 
Update  
• Create data fields for 
FM System Interface 
(use for site survey data 
gathering) 
4 -Systems and 
Site Data  
Collection 
• Collect 
• Review & Verify 
• Quantify uncertainy of 
data that cannot be 
fully verified 
 
5 - BIM Model 
Update 
• Pull from FM system, or 
• Push updated BIM to 
FM system 
 
6 - Demonstrate,  
Evaluate and 
Review 
• Test and evaluate the 
success of the use case 
implementation 
• Identify next use case 
(next iteration) 
 
Iterative and incremental 
